The volatile composition of rhizomes of Valeriana wallichii DC has been studied by GC, GC/MS and NMR spectroscopy. Sesquiterpenes were shown to be the main constituents (>89.3%) comprising kanokonyl acetate (42.4%), γ-curcumene (10.7%), ar-curcumene (7.2%), (Z)-β-farnesene (3.2%), xanthorrhizol (4.1%), 7-epi-α-selinene (2.2%), valeranone (2.0%) and curcuphenol (1.4%). The unique presence of kanokonyl acetate and the complete absence of the earlier reported chemotype marker constituents of Indian valerian viz. maaliol and patchouli alcohol makes the composition significant.
Valeriana (Valerianaceae) is represented in the temperate and sub-tropical areas of the world. Originated from the Latin word "Valere" meaning 'to be in good health', Valeriana is one of the important herbal traditional drugs in the Indian system of medicines [1a-1e] . Valerian is the common name given to the crude drug consisting of the underground organ of species of Valeriana. In northern Europe, the official drug in the British and European Pharmacopeias is derived from V. officinalis L., but other species are also used as crude drugs in other parts of the world, the most notable being Indian Valerian, V. wallichii DC, and Chinese and Japanese Valerian V. angustifolia Tausch. or V. fauriei Briq. The Valerian derived phytomedicines have been used for curing nervous unrest, emotional troubles (as tranquillizer/ sedative), epilepsy, insanity, snakepoisoning, eye-trouble, skin-diseases, as a relaxant, carminative and for complexion improvement [2a-2e,3,4] . Valerian continues to be a safe sedative/ hypnotic choice for patients with mild to moderate insomnia.
Valeriana wallichii (Indian Valerian) grows wild in the temperate Himalaya at an altitude of 1500-3000 m and is an ingredient of herbal medicines in Indian systems of medicine. It is a small, erect, perennial herb of 15-55 cm height, with horizontal root stock, thick branching stem, sharply pointed coordinate or ovate leaves, and white or tinged pink flowers in terminal corymbs. The roots/rhizomes are highly aromatic and contain valepotriates and essential oils, both perhaps contributing towards its medicinal properties.
In addition, sesquiterpenoids, monoterpenoids, lignans and alkaloids with pharmacological properties have been reported in Valerian [5] [6] [7] [8] [9] [10] [11] .
The volatile composition of V. wallichii oil has been the subject of previous studies [6] [7] [8] [9] [10] [11] . Most reports were related to plant materials gathered from Kumaon and Garhwal regions of Himalaya during 1998-2008, which revealed the existence of two chemically distinct chemotypes within V. wallichii [11a,11b] . In the present communication, we report a third chemotype from the same region.
Forty-one compounds, which accounted for >92.8% of the total composition of the oils, are reported in Table 1 . In Table 2 , the composition of V. wallichii volatiles is given in order to compare the major constituents of the different chemotypes.
Steam distilled essential oil from rhizomes of V. wallichii was marked by the presence of sesquiterpenoids (89.3%). The identified constituents NPC Natural Product Communications [10, 12, 13] , the spectral data ( 1 H and 13 C NMR) of isolated compound 1 is comparable with kanokonyl acetate [13] . Kanokonol and kanokonyl acetate have previously been characterized in Japanese Valerian by 1 H NMR spectroscopy [14, 15] . Hikino et al. (1965) have especially emphasized that, although the Indian workers isolated kanokonol from an Indian valerian, similar to that in the Japanese report, they presented no persuasive evidence about its stereochemistry and did not adopt the name kanokonol. The valeranone skeleton was established from the NMR spectral data, which closely resembled the published data except for the differences caused by replacement of the methyl group by the acetoxy-methylene system in 1. The 13 C NMR data of 1 and earlier reports are given in Table 3 . The unique presence of kanokonyl acetate ester, γ-curcumene, ar-curcumene, 7-epi-α-selinene, valeranone and curcuphenol makes the present report different ( Notably, the marker constituents of one chemotype of V. wallichii are absent from other chemotypes, except viridiflorol, which appears to function as a connecting link between these three types within the genus. Furthermore, these three chemotypes grow in separate areas and were not noticed as a mixed population in the natural habitat. An earlier report on V. wallichii showed it as a single species with no chemotypes [6, 7] . This is the first report of the occurrence of three chemically distinct, but stable chemotypes of V. wallichii in the Himalayan natural habitat. Furthermore, all three chemotypes, although morphologically identical, may be identified by characteristic major flavor constituents and need to be listed separately. 
Experimental
General: The essential oil was fractionated by silica gel CC (230-400 mesh, Merck, 600 x 25 cm column) packed with n-hexane, and eluted with n-hexane followed by gradient elution with Et 2 O/n-hexane (5%-20%). The isolated compounds were further purified by Waters' HPLC using a μ-Porosil column (250 mm × 7.8 mm), 2.0 mL/min flow rate, RI detector in an attenuation of 32X at 3000 psi using 5%-15% Et 2 O in n-hexane. 1 H and 13 C NMR spectra were recorded in CDCl 3 on a Bruker-Avance DRX 300 MHz and 75 MHz instrument using TMS as internal standard at 25 ο C. A Horiba Sepa-300 high sensitive polarimeter was used for specific rotation measurement. Identification was made on the basis of Linear Retention Index (LRI, determined with reference to a homologous series of n-alkanes (C 9 -C 24 , Polyscience Corp., Niles IL) under identical experimental conditions), co-injection with standards (Sigma), MS Library search (NIST and WILEY), by comparing with MS literature data [16] and from IR, and NMR ( 1 H and 13 C NMR) spectra of major isolates. The relative amounts of individual components were calculated based on GC peak area (FID response), without using a correction factor. Plant materials: Fresh roots/rhizomes of Valeriana wallichii were collected from Bhundiar (Chamoli). The plant was identified at the Botanical Survey of India (BSI), Dehradun and a specimen has been deposited in the herbarium of the Phytochemistry Research Laboratory, Kumaun University, Nainital.
Oil isolation: The fresh roots/rhizomes (1 kg) were subjected to steam distillation using a copper electric still, fitted with spiral glass condensers. The distillates were saturated with NaCl and extracted with n-hexane and dichloromethane. The organic phase was dried over anhydrous Na 2 SO 4 and the solvent was removed in a rotary vacuum evaporator at 30ºC (yield 0.8%).
GC and GC-MS analysis:
The oil was analyzed using a Nucon 5765 gas chromatograph fitted with a Rtx-5 non-polar fused silica capillary column (30 m × 0.32 mm int. diameter). The oven temperature (60-210ºC) was programmed at 3ºC/min using N 2 as carrier gas at 4 Kg/cm 2 . The injection temperature was 210ºC, detector temperature 210ºC and the injection volume 0.5 μL, using a 10% solution of the oil in n-hexane. GC-MS was conducted on a ThermoQuest Trace GC 2000 interfaced with a Finnigan MAT Polaris Q ion trap mass spectrometer fitted with a Rtx-5 non polar fused silica capillary column (30 m × 0.25 mm internal diameter). The oven temperature (60ºC-210ºC) was programmed at 3ºC /min using helium as carrier gas at 1.0 mL/min.
